DOCUMENT RESUME 



ED 310 935 



SE 050 881 



AUTHOR 

TITLE 

INSTITUTION 

REPORT NO 
PUB DATE 
NOTE 

AVAILABLE FROM 

PUB TYPE 

EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



McAleer, Neil 

Space Shuttle: The Renewed Promise. 

National Aeronautics and Space Administration, 

Washington, D.C. 

NASA-PAM-521 

89 

29p.; Colored photographs will not reproduce well. 
Superintendent of Documents, Government Printing 
Office, Washington, DC 20402 ($2.00). 
Books (010) — Reports - Descriptive (141) 

MF01/PC02 Plus Postage^ 

* Aerospace Technology; ^Satellites (Aerospace); 
^Science History; Science Materials; Science 
Programs; ^Scientific Personnel; *Space Exploration; 
^Technological Advancement 

National Aeronautics and Space Administration; *Space 
Shuttle 



ABSTRACT 

This booklet describes the history of the space 
shuttle, especially after the Challenger accident. Topics include: 
(1) "Introduction"; (2) "Return to Flight: The Recovery"; (3) "Space 
Shuttle Chronology"; (4) "Examples of Other Modifications on 
Shuttle's Major Systems"; (5) "Space Shuttle Recovery Chronology"; 
(6) "Poised for Launch: Space Shuttle and Crew"; (7) "Versatile 
Achievements: The First Twenty-Four Flights"; (8) "Selected Space 
Shuttle Mission Achievements and Firsts"; and (9) "The Space Shuttle 
into the 21st Century." (YP) 



* Reproductions supplied by EDRS are the best that can tie made 

* from the original document. 




The 

Renewed 
Promise 



o 

ERIC 



4 



Space 
Shuttle: 

Renetved 
Promise 

By 

NeU McAleer 



For sale by the 
Superintendent of 
Documents, 
Government Printing 
Office, 

Washington, DC 20402 



Introduction 

Return to Flight: 
The Recovery 



5 
6 



Space Shuttle Chronology 7 

Examples of Other 

Modifications on Shuttle's 

Major Systems 8 

Space Shuttle Recovery 

Chronology 11 

Poised for Launch: 

Space Shuttle and Crew 12 



Versatile Achievements: 

The First Twenty-four Flights l6 

Selected Space Shuttle Mission 
Achievements and Firsts 18 

The Space Shuttle into the 

21st Century 22 





here can be 
no thought of 
finishing, 
for "aiming at 
the stars," 
both literally 
and figuratively, 
is a problem 
to occupy 
generations... 



□ Dr. Robert H. 
Goddard 
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wWhen the Space Shuttle 
flew again in September 1988, it 
remained the most sophisticated, 
complex and technologically advanced 
manned spaceship in the world. 
Afnerica^s intensive retwrn-toflight 
effort over two-and-a-half years since 
the Challenger accident included 
hardware redesign and upgradings, 
rigorous testing programs, detailed 
reviews of the entire Shuttle system, 
and improvements in safety procedures 
and decision-making processes. The 
Shuttle became a safer spacecraft 
dwing the recovery period, but veteran 
astronauts and engineers alike know 
that sending me7t and women into the 
space frontier will continue to involve 
risk, just as it has shice Americans first 
manned suborbital flights in 1961. 

During the 1960s, several studies of a 
reusable manned spaceonft were 
conducted. Then in April 1969, NASA's 
Space Shuttle Task Group was 



established-fust months before the flight 
of Apollo 11 when two men walked on 
the Moon for the first time in human 
history. Infanuary 1972, as the last 
tivo Apollo missions (16 and 1 7) 
prepared to fly to the Moon, President 
Nixon announced that the nation 
would proceed with the Space Shuttle. 

The United States developed the Space 
Shuttle system to greatly improve its 
access to space, and for almost five 
yeun>, dwing which 24 successful 
missiom were flown, the Shuttle did 
just that. 

There were as many Shuttle flights 
flown in five years as there were 
manned Mercury, Gemini, and Apollo 
flights flown in ten years. The Shuttles 
also earned twice the number of 
astronauts during half the time period. 
By that measure, the Space Shuttle 
fulfilled its goal of improving access to 
space. 
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The 

Recovery 




Bn early Febaiary 1986, as the nation mourned 
the tragic loss of seven Americans and the 
C(7^7//(?;z^'(?r spaceship, President Reagan 
announced the creation of the Presidential 
Commission on the Space Shuttle Challenger 
Accident. Chaired by William P. Rogers, former 
secretary^ of state, it became known as the Rogers 
Commission. NASA's 51-L Data and Design 
Analysis Task Force was also established at this 
time to support the work of the Rogers 
Commission. 

More than 6,000 people were involved in the 
commission's four-month investigation uf the 
accident, and some 15,000 pages of transcript 
were taken during public and closed hearings. 

The Report of the Presidential 
Coimnission on the Space Shuttle 
Challenger Accident 

The commission\s report was published and 
delivered to the President on June 6, 1986. 
Hardware redesign of the faulty solid rocket 
motor joints and a review of the Space Shuttle 
management staicture were t\\t) of the nine basic 
recommendations set forth. The other seven 
recommendations covered, critical hardware 
review and hazard analysis, safet> organisation, 
improved communications, landing safely, launch 
abort and crew escape; flight rate; and 
maintenance safeguards. These recommendations 
represented the guidelines for the enormous 
amount of work to be done by NASA and the 
aerospace community to return the Space Shuttle 
to flight status. The commission also requested 
that a progress report on implementing the 
recommendations be made to the President in 
one year, which was delivered in June 1987. 



Left; 

Space Shuttle Columbia 
leaves Earth for the first 
orbital mjssion on April 12, 
1981. Veteran astronaut 
John Young, Commander, 
and Pilot Robert Cnppen 
tested the Space Shuttle's 
systems m space for the 
first time. 
Right: 

D/scovery takes off in April 
1985. While in orbit, it 
deployed two 

communications satellites. 
Among the seven crew 
members were U.S. 
Senator "Jake" Garn and 
Charles Walker, a payload 
specialist from industry. 
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February 1964 
to October 1968 

April 1969 

February 1970 

January 1972 

March 1972 

July 1972 
Juno 1974 

September 1976 
August 1977 

April 1981 
November 1982 



April 1983 to 
January 18| 1986 



January 28| 1986 
February 1986 



September/ 
October 1988 



Several studies of an Integral Launch and Reentry Vehicle 
conducted 

NASA's Space Shuttle Task Group established 

NASA creates Space Shuttle Program Office 

President Nixon announces intention to proceed with Space 
Shuttle 

NASA selects basic Shuttle configuration (ort)iter, main 
engines, external tank, and solid rocket boosters) of today's 
system 

NASA announces selection of Rockwell International as prime 
contractor for Space Shuttle 

Rockwell International starts assembly of crew module for 
Space Shuttle Enterprise, the first orb!ter, which was used for 
approach and landing tests 

Roil out of fir**t Space Shuttle orbiter, tne Enterprise 

First of 5 approach and landing tests; Enterprise released 
from Boeing 747 at 6705.6 meters (22.000 feet) 

Space Shuttle Columbia makes first of four ort)ital flight 
tests: Commander John Young and Pilot Robert Crippen at 
the controls 

Columbia flies the first Shuttle flight (STfrS) in which 
commercial satellites (two) are deployed 

Nineteen more successful flights of the four Space Shuttle 
ort)ilers, for a total of more than 2,400 ort)its around the 
Earth and accumulated mileage of some 91,732.608 
kilometers (57 million miles) - a distance equal to more than 
118 round trips to the Moor^ 

After 73 seconds of flight, the Challenger \s lost, claiming 7 
crew members and spaceship 

Two-and^ne^half year recovery effort beg;iis with formation of 
the Presidential Commission on the Space Shuttle Challenger 
Accident; establishment of 51-1 Data and Design Analysis 
Task Force 

Space Shuttle D/scovery successfully flies the first mission 
(STS-26) since the CM/en^er accident; the U.S. manned 
space program Is back In business 
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SoOd Rocket 
Booster 

a Rectesign and improvement 
of the aft external tank attach 
ring on the solid rocket 
booster to make the nng 
stronger and better distnbute 
the loads encountered. It now 
wraps completely around the 
s<^id rocket case, whereas 
before the nng only went 
around threcxjuarters of the 
rocket case. 



■ Structurally strengthening 
the aft skirt on the solid 
rocket boosters by such 
n)easures as upgrading bolts 
and adding brackets 

CZJThaOiixter 

n Brake stators thickened 

B Mam landing gear axles 
stiffened 

HTire pressure monitored 
B New brake onfices used 



B Crew escape system aooed 
(telescoping pole and blowout 
hatch) 

fl ITnnch disconnect latch 
modified 

H Gaseous oxygen flow control 
valve redesigned 



CZ3 The Main Engine 

B External plating added to 
chamber outlet neck 

B Structural housing 
improvement on main fuel 
valve 



B Turtxjpump turt)sne Diades 
strengthened 

B Hot gas sensor improved 
B Coolant circuit modified 

CZI External Tank 

B Hydrogen pressurization 
line strengthened 

B Freezer wrap added to the 
h>iJrogen line to permit visual 
detection of a hydrogen fire 



Right: 

The first of five full 
scale, full-duration 
tests of the new solid 
rocket motor design 
took place in Utah on 
August 30. 1987. 
Hundreds of subscale 
tests were also run on 
smaller motors as part 



Redesign of the Solid Rocket 
Booster Joints 

ilk* soIiJ iiuuvK r ujN cniuhiiU'd m ^t-pu niln i 

laboLiion dc\ucs and sin.ilki inutoix io u m 
iiitk'Kiil srahni» nniU'n.ik. clutk Un k jk^. 

.tiul jLjrmijIK :J,AIU A ^nUipkU' Aud lu dcplU 

uiuk iM.iiulinii <>i ihc int>Joj .nul iN p.iiK \ 
\cai \a\c\, m Vu.iiiiM l^)s" iIk' Iiim U\c lull 
Mak\ hill duiarinn u m hnnti^ ua^ MUkUuu d 

Ilk ik^iun Lhan.UL'N in ilk- ^o|ul r<kkcl mojoi 
wt-io nuKk\ diininaiin^ ihc iUw dial k d lo 
iUc A( ( idcni I Ik' ^ nfuini-viin.tu; c hai^u^ v 
nuiudcd ii^hkM Immi^ \inn{^ wnU a iku 
i.ipUiK' lakh ihai ^onhoK ukAcnkni Ixiworn 
ilk" iani» aiuU k"\ 1^ ot ihc lk"kl |nuu^nhoxc 
MriiK'ii! nnu\^ niakd al ilk' Krnncdx Space 
t c-nkM. I li . and iiol ai lUc l.ki*u*\ ► an 
atldiho!) »>| a ihipJ ( ) iinii. huiukd Ikid |(>!ni 
invulaiion. hrat^-i hand^ wah hIr-i x ah lot 
all thu c Ik'kl |oiniH ihai keep ihe ( ) iini» aua^ 



.n A iiununuin of ck iiiees ( eKiiis t^^ 
deuuvN iahienlk il^ loi iiukMNed K^ilk'iU\, 
and a new ladialK h<>ll<.*d deNpj^n. U"^inii hni 
I><»In and heal Hlueldini» makiial. loi ihe 
lowrM imnl on ihe Nohd hnusici Kkkels — ihe 
case lo ii«>//k« |oini ah()\e ihe exhaiiM Hank" 

lk*\ond ilie ledeM.^n o| ihe liekl umi^. 
iinpio\cineniN weie made in ihe LkUn^ {omN, 
n^kel no//leN. llie lunilei JiainbeK and llie 
.UkHiiul Mtppnii etjuipmenl .ind pnKeduies 
lhal assciuhle ihe nnkel Nei»nk-nlN \|i ihest« 
ak li\ Jlk N w cK" M luhni/ed In a ^| 'ec lal 
«»\eixmhi panel oi the Njhona! Keseanh 
i * niiK i\ 

Other Hardware Modifications 

\hnm\\ ilk U\o and a hall \eais ihai ihe 
Muaile Ikel w.i^ liionnded. Imndieds o| uihei 
nkHiiikalk»ns, \nnie ina|<>i\ Muue nun<u Uiiain 
o| \\h?ch weie planned helmeihe atudenu 
ueie iiuo^poiak il mm ihe slmnk- ^wk^iu 
Ilk main eni^ine^ undeiweni ihe nioM 
aiijiieNNive ,ui<>und k'Minu pioi^iaiu m ihcii 




Field Joint Metal 
and insulation 



luMtn"\. c(|ui\ak'ni in oprunoii.tl nine Im iuok 
ilun ^(^ iius^itMis Ml t"ni»iiK" iinpnAt nicnis 
Wm* ifililK'tl hi ik'inonMr.ik- iiupmxtxl 
rc'luhiliu aiul t>pcMnn,u sjlci\ UKuuins. .uul 

lu\f Ix'cn iiHiupoMicJ inio ilu- cnv»incs 
wIikIi will be UNt'tl t>n I)rMit:rn\ (idumhui, 
AtliDitiK aiul n\ -|uS. iIk' K pLuriiKMU i>riMia 
ilui Will he kmU\ in ll\ in iIk' tarK I*)^)ns 

Vklinoiul s.itcu in.ii.mns wcu- t siahhslK'tl In 
ilinroiigliK rcMini* luulwau' aiul iAww loiun.u 
laikircs tm iIk* ««r<iiiiul csialilish ^aU"i\ aiul 
aliahililN lln^Il^ A <.t»nsmau\t" ami iiv»ou>us 
.UrounU irsi pn>i»rain ^houkl noi Ix" "sale lo 
ailnr\c" a salt* fliv»lu prnv»ianK (Ik- iinKs sIkhiM 
Iviakc'iion ilu" gioiiiKL noi on ihc ua\ ii» 
orlni 

r\ampk"soI ila-inaioi nKKliiuaiions luatk- 
tkirini* ilk" icuiin it» nijjthi peiuKl appeai m 
iIr* lahk- ah< a e k*ll 

Centralized Safety 

\\sA*s sait u pn>i»rains wac minpkk'K 
U'<»rv»amA'J as a rcsiili «>l amalK-i K<»v»c in 
c.unuiiisMnn Kxninniuulautir IIk oIIkc «»I 
\ikl\ Kdiahilu*. NkiiniainahiliU , aiul ijiiaiiK 
A^snraiKe was esiabhslKxl in IM.S(>. aiul ii iiin\\ 
has tlircU auihnnu li)rsaKi\ aiul rclaud 
t|iulii\ Mfniniislni all \ \sA ijptranons 
lodax nitia- po>pk arc asst,i;iucl lovtlcu aiul 
rdak'cl pnii» ranis. iniprii\ctl cumiminKauons 
lu\e hcfn miUak-J. aiul Uir kak'w s\sicni lor 
c(»iupliaiuc it» lU'W proccUnrcs is n>»t)ious aiul 
\\iA\ ddiiu-tl 

The new Otiice o| Saleiy ensures iliai ihe 
lugh.esi k«\eN t>I NASA's inanaiiemcni leani 
are aware sak'fx issues, Responsihle kir 
aiigressive mcrsi. il. ihe oUke sels polivv. 
est «hlis|K*s promkiR's. aiul ilien ensures dial 
' )lkk*s and prtK edurc's are k)llt)wed lur 
ihc piojetis. The gtui is nt)ihini» less ilun 
lOO-peKcni success. 
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\nt>lliiei iua|tu lask diretlK lelalinu lo sjU u 
was a series o| i ompieheiis|\ e re\iews ol 
tniital liaulware, M>||\\jre, and 
s\sieius. iheir pt>ss|lile failures, and ihe 
vi»nsei|ueiut"s i>l sutli failures lor all nia|or 
spate Shunle toniponenls (orhilei, exiernal 
lank. soIkI rtKkei hot>sUT, and ilie mam 
eni»ines> 1Ik ie\iews were miliaied in \kiKh 
I*>S(>aiul se\eral re\iew leains were lornied 
\n onuoinj: process, ihe i»<. il is id ideiUi[\ 
haid%\aie designs m all sp.m shuiile s\sieins 
lhai ina\ iec|inie iinpioxenu-ni \ speual 
c»iinuuiiee oj ihe \aiit>nal UeseaKli i ouiki! 
was resp{>nsihle Un \enl\inu ihe adecjuacv »»! 
ihe eiloit and iep»»ned direuK lo ihe \As\ 
\dininisiiaior 

Bailout Crew Escape 

\noihei ren inineiuladon i>! ihe Piesuleniul 
C-oinniission tailed lor a tiew escape s\sieni 
lhai ti>ukl he u etl tluriiK» iIk" tiuiln^lled 
i»hdinv» piniions t>{ ihe lli^hi— a relali\el\ 
nainA\ sei»nu'ni ol a lliiihl pn>lile luiween 

k-^Ji and (MI9() nieiers (S.nod aiul J(MH)U 
ktO in allilutk aiul a inaMinunt vcIotii\ o| 
S"^^ I kiliunekrs pti hmir (j-^u miles pel 
honi) Suth a N\siein tanmu he used, 
howe\ei. dunni» ihe liisi sUv»r powered llii»h( 
vvlunilK solul rtakti hoosursart Itrini*, ji is 
noi di siv*iu 1.1 It s,t\t iht utw II a suuation 
like iIk (Jhillcuiii') at title ni 

'lesiini» aiul e\aliialitjn o! iwo escape sxsieins 
he,i»an in \»»\eiuhci ivs" One s\siein usetl 
iratloi rtJtkels lo pn>pel trew nieinhers, i»ne 
al a nnu\ oiii ol ihe side halth in ihe 
ifrhiler's nud-detk. The other '^^slenl lesled 
used a lelestopiii^ pole - ahoul 3>2 inelers. 
c 10 leei) in length • i>nit> whkh ihe trew 
ineinbers aiiath a lanyard and slide down 
and »)ll 1*1 clear ihe orhiier winj» and open a 
parathuie. The polc\ nude ol liy.hiw eighl 




Original Design 




New Design 



The original and new 
designs of the field 
joints on the solid rocket 
booster are compared 
here. The new design 
incluaed tighter-fitting 
joints with a capture 
:atch. a third O ring, and 
heater bands for the 
field joints. 
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From a C-141 aircraft, a 
Navy parachutist tests 
the escape system that 
Shuttle crews can use 
during controlled gliding 
portions of the flight 
(between 1,524 and 
6,096 meters (5,000 
and 20,000 feet] from 
the ground). Astronauts 
will attach a lanyard and 
slide dov*n the 
telescoping pole to clear 
the orbiter and open a 
parachute. 
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aluminum and Mccl, i.s attached to the mid- 
deck ceiling. Both .syMenvs were tested and 
evaluated for a crew of up to eight. 

A decision was made in April 1988 to outfit the 
orbiters with the telescoping pole system 
because it would be safer and ^simpler to 
operate and easier to mamtain than the tnictor 
rocket system. If a Space Shuttle ever had to 
ditch in the ocean, the crew could ball out 
using the telescoping pole because structural 
analysis of an od">lter landing on water has 
shown it to be extremely hazardous. 

The Mixed Fleet 

One of the most far-reaching recommendations 
of the presidential commission concerns the 
Space Shuttle's flight rate. Because the United 
States had relied heavily on the Space Shuttle 
as its principal launch vehicle, the commission 
concluded that this reliance created a 
"relentless pressure" to increase the launch rate 
which, in turn, contributed to the accident. 

In August 1986, two months after President 
Reagan received the commission's report, he 
announced that, except for satellites 
exclusively requiring a Shuttle launch or 
requiring it for national security or foreign 
policy reasons, NAvSA would no longer launch 
commercial satellites. 

This decision eventually led to the mixed-fleet 
concept, which shifted some of the Space 
Shuttle launch burden to unmanned 
expendable launch vehicles, which are used 
only once. Many Departmeut of Defense 
launches originally scheduled on the Space 
Shuttle, for example, are now rescheduled on 
the expendalje Titan IV, which has a payload 
capacity about equal to the Shuttle. The 
military will also use their medium launch 
vehicles for some of the smaller satellites 
originally scheduled to fly on the Shuttle. 



Meeting the expanding launch needs of the 
United vStates with a mixed fleet of launch 
nsystems has several important benefits. First, 
the nation's access to space will be less 
vulnerable to a single failure or logistics 
problem. In addition, each payload can be 
mission-matched to either the Space Shuttle or 
an expendable. This will leave the Shuttle to 
fly those missions for which it is unic]uely 
suited such as dedicated life-science flights 
and other scientific missions requiring the 
hands-on attention of researchers and 
specialists. 

The Replacement Orbiter 

The decision to build a replacement orbiter to 
expand the Shuttle fleet to four vehicles was 
made in August 1986. By the following July, 
negotiations were completed with Rockw^ell 
International to build OV-105, and the 
company began constmction in August 1987. 
Orbiter OV-105, basically identical to 
Discorefy -dnd Atlantis, is planned for 
completion in 1991. It is scheduled to fly its 
maiden mission in 1992, 

In March 1988, NASA announced its Orbiter- 
Naming Program for the replacement orbiter, 
an educational project planned so that 
students in grades K thrcuigh 12 could actively 
participate in naming the new Space Shuttle. 
Said NASA Administrator, Dr. James C. 
Fletcher during the announcement, "It is fitting 
that students and teachers, who shared in the 
loss of the Space Shuttle Challenges share in 
the creation of the replacement." 

When the new orbiter finally blasts skyward 
in the early 1990s as the fourth ship in the 
fleet, the II.S. space program will receive 
another surge of momentum as it approaches 
the year 2000 and the first full centur>' of the 
Space Age. 
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January 28, 1986 
February 1986 

March 1S86 
June 1986 

Juty 1986 
October 1986 

January 1987 
June 1987 
August 1987 
October 1987 
November 1987 
September 1988 



C/7d//e/^er accident; loss of ship and crew 

Formation of Presidential Commission<on the Space 
Shuttle C/7a//e/^er Accident; NASA establishes 51-L Data 
and Design Analysis Task Force 

Solid Rocket Motor Redesign Team formed 

Report of Presidential Commission on Space Shuttle 
Challenger Accident submitted to President, including 9 
recommendations 

NASA crepes rew Office of Safety. Reliability. 
Maintainability and Quality Assurance 

The Committee on Science and Technology, U.S. House of 
Representatives, released its report. Investigation of the 
ChaWenger Accident 

Right crew selected for first Space Shuttle mission (STS 
26) after accident 

NASA's report, "Implementation of the Recommendations" 
submitted to President Reagan 

Rrst of five full-scale. fulWuration test firings of the 
redesigned Space Shuttle solid rocket motor 

NASA issues first mixed-fleet manifest for Space Shuttle 
missions and expendable launch vehicles 

Testing begins on escape system that could be activated 
during controlled gliding flight only 

Space Shuttle Discovery is ready for first U.S. manned 
spaceflight (STS-26) since the C/ja/Zen^er accident 




Space Shuttle Columbia 
leaves Earth for the first 
orbital mission on April 
12, 1981. 
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space Shuttle 
and Crew 




The crew module for the 
new Space Shuttle orbiter 
being built by Rockwell 
International at their 
Downey, CA, plant. This 
will be the pressurized 
living quarters for mission 
crews above the Earth 
when the vehicle begins 
flying in the early 1990s 



m he Space Shuttle system remains the most 
technologically advanced and complex 
machine on planet Earth. NASA has never 
estimated even a ballpark total for the millions 
of parts that comprise its launch configuration. 

The major components are. the orbiter 
spacecraft, the three main engines, with a 
combined thrust of almost 5i4,311 kilograms 
(1.2 million pounds), the huge external tank 
(ET) that feeds the liquid hydrogen fuel and 
liquid oxygen oxidizer to the three main 
engines; and the two solid rocket boosters 
(SRBs), with their combined thrust of some 
2,630,836 kilograms (5.8 million pounds), 
which provide most of the power for the first 
two minutes of flight. The SRBs take the Space 
Shuttle to an altitude of ^5 06 kilometers (28 
miles) and a speed uf 4,973 kilometers per 
hour (3,094 miles per hour) before they 
separate and fall back into the ocean to be 
retrieved, refurbished, and prepared for 
another flight. After the .^olid rocket boosters 
are jettisoned, the orbiter ^ three main engines, 
fed by the external tank, continue to provide 
thrust for another mx minuter before they are 
shut dow n, at hich lime the giant tank 15 
jettisoned and falls back to Earth, 
disintegrating in the atmosphere. 

The Space Shuttle Orbiter 

The orbiter is both the brains and heart of the 
Space Transportation System. Advanced 
technology was created for the vehicle in such 
areas as flight control, thermal protection, and 
liquid-rocket propulsion. About the same size 
and weight as a DC-9 aircraft, the orbiter 
contains the pressurized crew compartment 
(which can normally carry up to seven crew 
members), the huge cargo bay, and the three 
main engines mounted on its aft end. The 
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thermal tile svM:-!n. wbkh protects the arbiter 
during its searing reentry- through the 
atmosphere, was one breakthrough 
technology that proved much more 
challenging than expected. 

There are three levels to the crew cabin. 
Uppermost is the flight deck where the 
commander and pilot control the mission, 
surrounded by an array of switches and 
controls. During launch of a seven-member 
crew, two other astronauts are positioned on 
the flight deck behind the commander and 
pilot. The three other cre\\ members are in 
launch positions m the mid-deck, which is 
belcm the flight deck« 

Tlie mid-deck is where the galley, toilet (no 
shower in the Space Shuttle as there was in 
Skylab), sleep stations, and storage and 
experiment lockers ire found — the basic 
needs for weightless, daily living. ALo located 
in the mid-deck are the side hatch for passage 
to and from the vehicle before and after 
landing, and the airlock batch into the cargo 
bay and space neyond. It is through this hatch 
and airlock that astronauts go to don their 
spacesuits and manned maneuvering units 
(MMUs) and prepare for extravehicular 
activities (EVAs), more popularly known as 
"spacewalks," These excursions have 
produced some of the most important space 
firsts in the Shuule program as well as the 
most spectacular photographic vistas of the 
Space Age. Below the mid-deck's floor is a 
utilit) area for the air and water tanks and 
their ducts. 

The Space Shuttle's cargo bay is adaptable to 
hundreds of tasks. Lirge enough to 
accommodate a tour bus 18.28 x J.S7 meters 
(60 X 15 feet) the cargo bay instead carries 
satellites, spacecraft, and Spacelab scientific 



laboratories to and from Karth orbit. It is also a 
work station for istronauts to repair satellites, 
a foundation from which to erect space 
structures, and a hold for retrieved satellites to 
be returned to Earth. 

Mounted on the port side of the cargo bay 
behind the crew quarters is the remote 
manipulator system (RMS), developed and 
funded by the Canadian government. The RMS 
is a robot arm and hand w ith threv joints 
analogous to those of the human shoulder, 
elbow . and wrist. Two T\'' cameras mounted 
near its elbow and w rist provide \isual cues to 
the crew^ member who operates it from the aft 
,station of the orbiter's flight deck. The RMS 




The flight deck of Space 
Shuttle Columbia, 
contains an array of 
controls and switches. 
The commander's 
position Is on the left 
and the pilot sits on the 
right. The three CRT 
screens in the center 
display computer data 
and other essential 
information. 
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SotSdRoclurtBoMtor 
3.70 ro (12^9 ft) DtaRwtef 



The Space Shuttle's cargo 
bay IS large enough to 
hold several satellites or a 
pressurized Spacelab 
module for a scientific 
team. On this maiden 
C/?a//e/7ger mission in 
1983, the first Tracking 
and Data Relay Satellite 
(TDRS-A), booster 
attached, was deployed- 
Its hold-down nng and 
other support equipment 
was left behind and will be 
used again. 
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(about IS meters [SO feet! in length) can nu)\e 
anything from satellites to astronauts to and 
from the cargo ba\ or to different points in 
nearby space. It has sened with distinction im 
many missions, deplcning and retrie\ing 
various scientific and communications 
satellites. 

Thermal tile insulation and blankets (also 
known a s the t hernia I protec tion system or 
n\S) covers the underbelly, bottom of the 
wings, and other heat-bearing surfaces of the 
orbiter and protects it during its fier\ reentn 
into the Earth's atmosphere. The tiles reprs^sent 
another new technology that will continue to 
ser\ e futi're spacecraft of the 21st centun. 

In contrast to earlier manned spacecraft such 
as the 4 l/?o//o command module, which used 
ablative material that burned and melted off in 
layers during reentr\'^ heating and could never 
be used again, the vShuttle's silicate fiber tiles 
were invented and designed to be used for 100 
missions beff)re replacement is necessan'. 

xSome 2^.000 individual tiles — no two 
alike — must be installed by hand on the 
orbiter s surfaces. The basic material of the 
tiles is pure-sand silicate fibers, mixed with a 
ceramic binder. The tiles are incredibly 
lightweight, about the density of balsa wood, 
and dissipate the heat so cjuickly that a white- 
hot tile with a temperature of 1,260 degrees 
Celsius (2,300 degrees Fahrenheit) can be 
taken from an oven and held in bare hands 
without injur\\ 

The IVIain Engines and Secondary 
Propulsion Systems 

The three main engines are clustered at the aft 
end (jf the orbiter and ha\e a combined thrust 
of almost 54*1,308 kilograms (1.2 million 
pounds) at sea level. Another example of 
breakthrough technology (^n the orbiter, the> 



are high-performance. Iiquid-propellant rocket 
engines whose thrust can be \aried over a range 
of 6S to 109 percent of their rated power le\el. 
The\ are the w (grid's first reusable rocket engines 
and are designed for se\en and one-half hours of 
operation. Because the\ fire for eight minutes for 
each flight to orbit, the current engines are 
designed to operate for SS flights, A person 
would be dwarfed if he stoc^'' next to a main 
engine. They arc 4.2 meters ( 1 1 feet) long and 
2a meters (8 feet) in diameter at the nozzle exit. 

Amnher propulsion s\stem takes o\er once the 
Space Shuttle's mam engines shut down as the 
ship approaches orbital insertion. Two orbital 
maneuvering system (OMS) engmes, mounted on 
either side of the aft faselage, provide thrust for 
major orbital changes. For more exacting motions 
in orbit, forty-four small rocket engines, clustered 
on the Shuttle's nose and on either side of the 
tail, are used. Together they are known as the 
reaction control system and haw proven 
indispensable in doing the Shuttle's important 
work of retrieving, launching, and repairing 
satellites in orbit. 

The External Tank 

This giant cylinder, higher than a lS-stor\' 
building, with a length of i7 meters ( IS i feel) 
and as wide as a feed silo with a diameter of 8. i 
meters (2"^.S feet), is the largest single piece of 
the Space Shuttle. During launch the external 
tank also acts as a backbone for the orbiter and 
solid rocket boosters to w hich it is attached. 

In separate pressurized tank sections inside, the 
external tank holds the licjuid hydrogen fuel and 
hc|uid o.xygen oxidizer for the Shuttle's three 
main engines. During launch the external tank 
feeds the fuel under pressure through i3.18- 
centimeter ( 1" inch) ducts which branch off mU) 
smaller lines that feed directly into the main 
engines. Some 2i2,260 liters (64,000 gallons) of 
fuel are consumed by the main engines each 
minute. 
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Basic dimensions of the 
Space Transportation 
System for its launch and 
early flight configuration. 




Machined from aluminum alloy.s, the Space 
Shuttle's external tank is the only part of the 
launch vehicle that currently is not reused. After 
its 1,991.126 liters (526.000 gallons) of fuel are 
consumed during the first eight and one-half 
minutes of fiighi, ii ls jetiisuned truni the urbiicr 
and breaks up in the upper atmosphere, its 
pieces falling into remote ocean waters. 

The Solid Rocket Boosters 

Like giant roman candle > un either Mde of the 
Space Shuttle orbiier. these .solid-fuel rockets 
represent the mu.st traditional and time-te.sted 
technology of the major Shuttle components. 
But even though the Ixisie sulid-fuel te«.hnolog> 
had pro\en itself o\er two deeade.s in Air For^e 
program,-*, the hardware failure of the joint and 
O-ring ,seal of one of the solid bouMers wa,s the 
primar> cause of the Challenger loss. With 
ligorouN testing during the reLO\er> priigram, 
including flaw^s deliberate!) built into the te.st 
boosters, the nevs joint design pa.ssed .stringent 
examination and review. 

The Space Shuttle's two solid-rocket boosters, 
the first designed for refurbushment and reuse, 
arc alsu the largest .sohds ever built and the first 
to be fli>wn on a manned spacecraft. Ti>gether 
thc> pruvide the majority u{ thrust fur the first 2 
minutes of flight— sumc J»630»82 J kilograms ( 5.8 
million pounds). 

The solid propellant mix is compu.sed uf lo 
percent alummum puwdcf ^fucb and ahiK^st 
percent ammumum perdilurate t^uxidizer;, wiUi 
the remainder made up uf a l>mder, a curing 
agent, and a .small amount uf catalyst. A small 
ruckel motor in each buu.ster ignites the 
propellant at launch. 

During flight the suhd buustcr nuz/les ^VMvel up 
to SIX degrees, redirecting the thrust and steering 
the Space Shuttle toward orbit. 



The versatile robot arm, 
the remote manipulator 
system, can move 
satellites, astronauts, or 
other payloads. Here 
Bruce McCandless tests 
its use as a "cherry- 
picker" while secured to 
the foot restraint 
attachment on a 
C/?a//enger mission In 
February 1984. 





Below Left: 

Bruce McCandless took 
the world's first 
untethered spacewalk 
while strapped into the 
manned maneuvering unit 
during the Challenger 
mission in February 
1984. 
Right: 

Crewmate Robert Stewart 
became the second man 
In the world to fly free and 
see the best view of 
Earth. 



here are enough Space Age firsts and 
standing records established during the first 24 
Shuttle flights to fill an almanac. Dozens of 
commercial, scientific, and military^ satellites were 
delivered to orbit; two were retrieved and 
brought back to Earth; and two were plucked 
out of orbit, repaired m the Shuttle's cargo bay, 
and put back to work, ont ?:rudymg the Sun and 
the other providing commupicaliuns serv ice5. 
Each time a Space Shuttle flew , it became a 
temporary^ station in space. Each time a crew 
blasted to orbit, the spacecraft b^^ame a valuable 
life sciences laboratory from which new data wdb 
collected on how the body respond5 to 
weightlessness. The Shuttles also became 
temporary construction ba^c5 from which .sulat 
panels were unfurled and te5ted and 
components of future .space .staici jrc\s creeled 
and tested by ai>tronauLs in their fiying a1ML\s. 

When the first fuur Spacelab.s flew in^idc hliuttie 
cargo bays during nu^^Mons in 1983 and 1985, 
each with its own scientists and program of 
experiments, the <.mounl of data generated was 
astonishing. Spacelab 1, the first operational 
mission of the European built laboratory, flew on 
Columbia in late 1983. More than 70 
experiments were conducted, and 200 
investigators from 16 countries participated in 
activities carried out during the flight. The 1985 
flight of Spacelab 3, nicknamed the "flying zoo" 
because it flew two monkeys and twenty-four 
rats on board, collected some 250 billion bits of 
computer data~-cnough to fill 50,000 books of 
200 pages each if converted into words. 

Some 125 crew positions were flown on the 
first 24 missions. Most of the commanders flew 
more than once, with Robert L. Crippen 
holding the record of four Space Shuttle 








missions, one a,s pilot and three as 
^.on.iiundcf A luuil ut iv.v~u <.fc\\ liuurs were 
-Kcuniulaicd. uf niurc lliari iwu and unc-fuarth 
\ears of tutal Shuttle trew experience. The 
Shuttle fleet also flew niore than 33H.833.5 
kilu^ranis ("^''.OOO pounds) of car^o to orbit, 
of whkh almoM 130ar" kilu^ranis ^^tK).t)liu 
pound.s) we*re depKned into space. 

Cargoes of Satellites 

Orbiting satelhtes are ihe guki in^ois oi an 
informanun a^e. and the Shutiles ha\c 
deH\ered u\er Iwo do/cn uf ihcni io serve 
planet Hanli. 

A single mission of /^srorm' (Sl-G ) that flew 
in June 198S earried four satelhtes (three of 
which were for conimiinicat ions) in its cargo 
bay and deployed them in orbit: Morelos-l for 
Mexico: Arabsat 1-B for the Arab Satellite 
Coninuinications Organization: '^elstar 3-D for 
AT8iT'. and Spamu 1. an astronomical satellite 
which gathered data on mysterious X-ray 
sources in ()ur Milky Way galaxy and which 
was retrieved later in the mission and brought 
back to Harth. 

Three other mission accomplishmenrs 
involving ,satellites. while important in their 
own right, are more significant in what they 
promise for the future. 

In April 1984, the C/?^?//e;?^q[c>r rendezvoused in 
orbit with the ailing Solar Maximum scientific 
satellite, which had been drifting uselessly in 
orbit for three years because of three blown 
fuses in its attitude control box. The mission 
plan was to retrieve Solar Max, anchor it in the 
cargo bay, repair it with new modular com- 
ponents, and send it back to work in orbit. 

A selected list of i??iportant Space Shuttle 
O piplislmtents and records of the first 24 
E RX,C '^^^ appear in the table on thefpllqwing 




The happy crew of 
Columbia on STS-5, the 
first mission after four 
orbital test flights. This 
was the first time two 
commercial satellites 
were deployed from the 



Shuttle. Commander 
Vance Brand holds sig 
surrounded by 
(clockwise) William 
Lenoir, Robert 
Overmyer, and Joseph 
Allen. 




Right: 

The raising of an 
experimental solar array 
on Discovery's maiden 
flight (August/ 
September 1984) 
proved that similar 
systems would work for 
future space facilities 
and stations. It was 
deployed by mission 
specialist Judith Resnik 
from the control station 
at the aft of the flight 
deck. 
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Launch Dato Orbiter and Mission Mission Achievements and Firsts 



4/12/81 


Columbia (STS-l) 


Rrst orbital flight test of the Space Shuttle; heaviest manned spacecraft 


11/12/81 


Columbia (STS'2) 


Rrst time manned spacecraft flies second mission to orbit 


11/11/82 


Columbia (STS-S) 


Rrst deployment of commercial satellites (two) by Shuttle 


4/4/83 


Challenger (STSS) 


First made-in-space product^ microscopic latex spheres, for use in scientific calibration 


6/18/83 


Challenger (STS 7) 


Rrst use of robotic arm remote manipulator system ^RMSi to deptoy and retrieve satellite 
(Shuttle Pallet Satellite, SPAS); first American woman in space, Sally K. Ride 


8/30/83 


Challenger (STS^} 


First Shuttle night launch and landing, first black American in space, Guion S. Biuford, Jr. 


11/28/83 


Columbia (STS-Q) 


Rrst flight of Spacelab, with 71 scientific investigations (U.S. and European) 


2/3/84 


Challenger (418) 


Rrst untethered "spacewalk" and use of manned maneuvering unit ^MMU) by Bruce 
McCandless; first Shuttle landing at Kennedy Space Center, Rorida 


4/6/84 


Challenger (41^) 


Rrst repair of satellite In orbit (Solar Maximum satellite) 


8/30/84 


Discovery (41 D) 


Rrst deployment and testing of huge solar array panel by Judith Resnih, first commercial 
payload specialist, Charles D. Walker 


10/5/84 


Challenger (41^) 


Rrst seven-person crew; first American woman to walk in space, Kathryn D. Sullivan 


11/8/84 


Discovery (51'A) 


Rrst retrieval of satellites in orbit, Palapa B-2 and Westar VI and their return to Earth 


6/17/65 


Discovery (51^) 


Rrst time four satellites were launched from Shuttle, first laser test, lOOth American in 
space 

Record EVA time of over 7 hours to repair Leasat {Syncom /V-3), first human "launch" of 
satellite by James "Ox" van Hoften 


8/27/85 


Discovery (51-1) 


11/26/85 


Atlantis (61 B) 


Rrst assembly of structure (n space (a 14 meter [45-foot] beam tower) during EVA to test 
building techniques for future Space Station 


l/li/S6 


Columbia (61^) 


first verification flight of Hitchhiker carrier, with 3 experiments 
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From the robot arm, van 
Hoften took this photo 
of his fellow 
spacewalker, William 
Fisher, anchored to a 
foot restraint on the far 
side of the cargo bay. 




After capturing and 
repairing the huge. 7.5 
ton Syncom IV 
communications 
satellite in Discovery's 
cargo bay 

(August/September 
1985), astronaut James 
van Hoften gave Syncom 
a spin and arm^launched 
it from his perch on the 
RMS robot arm. Note 
the Moon below the 
Earth, next to the 
antenna. 



While this was eveniually done, the entire 
mission plan had lu be rewritten because the 
latch de\ice built for the astronauts did not 
work with the mate hardware on the satellite. 
After .se\eral unsuccessful attempts, the 
Challenger ,\n<l its IINIS robot arm snagged the 
satellite and tlie $23"^ million Solar Max was 
repaired and returned to work. This mission 
success is a prime example of the versatility of 
the Shuttle and its erew and demonstrates how- 
trained astronauts and expert ground support 
can succeccl \\liere hardware alune would fail. 

A ^ccond Mtclluc rcpaii in orbit occurred 
clunn^ a A^cuu/i uuvsion iu Augusi 
The (i,8U3.H kilogram <^ 5 lou) .Syucom I\. 
deployed on an earlier mission m ApriK was 
not working because of a failed sequencer. 
Astronauts James \an Hoften and W illiam 
Fisher brought the huge satellite into the cargo 
ba\ and began repairs to bypass the defective 
secjueneer. This became a record-breaking 
EVA of 7 hours, 8 minutes. The next day the 
astronauts manually struggled to align the 
unwieldy satellite for its return to orbit. 
Standing on the work platform of the RMS 
robot arm and holding the bulky Syncom, 
astronaut van Hoften rose up from the cargo 
bay. With several pushes of a bar, he gave the 
satellite its needed spin of three revolutions 
per minute, and it went spinning into space. 
This was the world's first hand-launched 
satellite. An $85 million satellite had been 
saved. 

In November of 1984, Shuttle Discovety also 
became the world's first spaceship to retrieve 
salclliies and return them to Earth. Western 
Union's Westar VI and Indonesia's Palapa B-2 
were successfully launched from the 
Challenger in Febaiary 1984. Shortly after 
deployment, their built in rocket motors, 
which would have taken them to higher 




orbits failed. Had it not been for this space 
sahage operation, two sophisticated 
communications satellites, with a combined 
worth of about S"U million, would have been 
written off. 

Astronauts Joseph Allen and Dale Gardner did 
the HVA retrieval work by using a specially 
designed tool, nicknamed the "stinger," to 
maneuver the satellites within reach of the 
RiMS robot arm, which then would move them 
into the cargo bay. But a problem came up 
when they were retrieving the Palapa. An 
unanticipated protaision made it impossible to 
use a securing bracket. The astronauts 
improvised. Allen stood on the end of the 
remote arm, his feet in foot restraints, and 
held the satellite with his arms while Gardner 
clamped it down in the cargo bay. This 
procedure took a complete orbit, and 
astronaut Allen held the satellite above his 
head for an entire trip around the world. 
Dtscorety and its cargo of two satellites 
landed on ainway 33 at the Kennedy Space 
Center after a mission just minutes short of 
eight days. 



Above Left: 

Secured in the aft of the 
cargo bay, the Solar 
Maximum Mission 
Satellite became the 
first satellite to be 
repaired in Earth orbit. It 
was, however, a more 
difficult task than 
expected to nab Solar 
Max and get it into the 
cargo bay. Good piloting 
and the RMS robot arm 
saved the day. 
Above: 

Challenger's Solar Max 
repair crew of April 
1984 gathered on the 
flight deck for this good- 
humored portrait. 
Through the window is 
the cargo bay. Left to 
right: Francis (Dick) 
Scobee, George Nelson, 
James van Hoften, Terry 
Hart, and Commander 
Robert Crippen. 
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Rylng free over the 
Bahama Banks in 
November 1984. 
astronaut Dale Gardner 
approaches the Westar 
VI satellite with his 
"stinger" tool to begin 
retrieval and salvage 
operations. 

After attaching the 
stinger to Westar, 
Gardner maneuvers the 
Satellite over to the 
RMS robot ?rm. 



Commerce and Science in Orbit 

The first commercial cxpcriincni look place 
on the loimh Space Sinmie mission in laie 
June and early July 1982. Called the 
continuous How elect rophoreMs system, it was 
built to purify biological materials in a 
niicrogravity environment and flew on a total 
of seven missions. Alter several astronauts 
monitored the equipment on three flights, 
Charles Walker became the first conuncrcial 
pa^load spetialist to fl\ in spate on a 
I yiscorcfy mission in IWt. He tended the 
sNstcm again on tww otlici missis )iis. in Apiil 
and November I98S. 

The expLriments demonstrated that some 
.seven hundred times more material can be 
separated in space than on Iiarth during the 
same period, and purity levels are better. The 
process holds great promise ibr breakthrough 
drugs and medicine,^ that could e\ entually 
sa\e tens of thousands of lives and offer new 
treatments to millions of people suffering from 
diseases such as diabetes and hemophilia 

The first made-in-space product w as 
manufactured on a C/v/ZAv/^w mission in April 
19«S3 and went into the marketplace in 198"^. 
Slightly larger than a red blood cell and 
invLsible to the human eye. the product 
consists of tiny microscopic spheres made of 
polystyrene sold in lots of 30 million by the 
National Bureau of Standards. The 
microgravity of the Shuttle had allowed these 
spheres to grow more uniformly in size and 
shape than is possible on l-arth. Customers 
use the spheres to help calibrate and focus 
electron microscopes and to improve 
microscopic measurements in electronics, 
medicine, environmental pollution research, 
and other high-technology areas. Each lot of 
30 million comes in a small vial filled mostly 
with water. 
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Sally Ride, America's 
first woman in space, 
monitors the 
continuous flow 
electrophoresis unit 
(CFES) on Challenger's 
mid'deck in June 1983. 
Large quantities of 
biological substances 
are purified In space 
with this process, which 
promises to produce 
breakthrough drugs and 
medicines. 



C-r\stal-growth experiments un Shuttle flights 
ha\e demonstrated that the manufacture of 
cr\stals A microgravity has tremendous 
industrial potential. CiystaK grown in ori^ii 
have fewer imperfections and therefore 
improved electronic characteristics. l-!xperts 
belie\e that such cr)'stals may lead to a new 
generation of higher-speed microelectronic 
components for computers, radar, and 
communications systems. 

During the Sfuuclah I mission in Noxembei 
.md December I9S3. one type ol protein 
<.r\stal grew I.U(K) times larger than the same 
type did on Harth. Such large protein cnstaK 
allow bioengineers to study the atomic 
structures of piotein molecules — knowledge 
they must have in designing new dmgs. The 
molecular models deri\ ed from such space- 
grown crs'stals may well be the foundation for 
the new miracle drugs of the 21st centur)', 

b> the earlv I99()s. the long-awaited Hubble 
Space TelesLope will ha\e brought ne\er- 
before-seen cosmic \istas down to Harth for 
all to see. and astronomers w ill ha\ e a new 
uniwrse to ponder. Launching this giant 
telescope could be the most important 
astronomical event sim e Galileo pointed his 
small telescope toward the Moon and planets 
more than years ago. Weighing some 
1 KS67 kilograms (2^.000 pounds) and 
measuring 13.1 by i.3 meters ( i3J by I i.l 
feet), the Hubble will All most of the cargo 
bay. This madcTbr-space telescope is the 
most powerful, complicated, and precise 
astronomical instalment ever built. It may do 
nothing less than revolutionize astronomy 
during Its projected operational life of fifteen 
to twenty years. 
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The >pihcl(thi scientific 
module flew in 
Columbia's cargo bay m 
November/December 
1983 and was the first 
operational mission of 
the European-built 
laboratory. More than 70 
experiments were 
conducted, including one 
where a protein crystal 
grew 1.000 times larger 
than It could on Earth. 
Astronauts Owen Garriott 
and Byron Lichtenberg 
are working in the lab. 



The Hubble Space Telescope will be able lo 
ol^senv «ihjecis fai fainter than those visible to 
the most powerful telescopes on Eanh. 
During its first decade in orbit, the Hubble 
will focu^ on the eosniie puzzles of the black 
Indies, exploding galaxies, and (juasars. and 
solve or shed light nn their mysteries It will, 
in elfecl. Ix' peering farther into the unnerse 
and farther back in time than e\ er before, 
allowing Hieniisis to constnitt a more 
accurate history of our uni\erNe. 

scutleni participaiic^n in space -science pn^iects 
will lake on new meaning wlien the space 
Muiiile retrieves from ori'»it the Long Duratit^n 
l-xposure Facilii) and brings its experiments 
back to Harih. Placed into ori^t by the 
Clhilhnsicr m April l^Si. the large unmanned 
scientifk lahuratur\ takes up one-half the 
cargo bay, Originalb sUicduIed to be 
reine\ed in 19H(\ a was delayed for se\eral 
years 

One experiment contains 12.^ million tomato 
seeds packaged in IXuron bags and sealed in 
aluminum canisters. On their return to Karih. 
these seeds will be put into thousands of 
laborat(/r' L-iis. along with control seeds that 
remained oii Karth. »md sent to schools across 
the nation As many as 1 million elcnientar\. 
secondary, and uni\ersit\ students will 
participate in designing their own 
experiments and studying the seeds by 
comparing germination rates, seed embr>'os. 
and fruit products. With such w ide 
participation of the nation's youth, this 
program will literally be planting some 
seedlings for future space science. 

Unmanned interplanetar>* spacecraft will 
make their distant encounters a few years 
later than originally planned. Tlx* Magellan 
radar mapping mission to Venus and the 
nnlih^i mission to Jupiter, wiiich will send a 



probe into the giant planet's thick atmosphere 
and orbit it for two \ears. are preuous 
scientific cargoes for the shuttles. 

In the early 199(K. Uie Mais Obser\er will 
begin its journey to the Red Planet and upon 
arrixal conduct a detailed stud\ of its suriace 
and atmosphere. Many other unmanned 
spacecral't missions are fighting for a phue in 
the Sun during a time of federal budget 
constraints, including a project called (Mssim. 
which may ori^t Saturn's mysterious moon 
Titan and send a probe through its thick 
atmosphere before the \ ear 2(K)0. The Shuttle 
fleet w ill guide some of them out of HarilVs 
hariic^r and int(^ open space as they caNt off 
for their distant planetary* destinations. 




Placed in orbit by Space 
Shuttle Challenger in 
April 1984, the Long 
Duration Exposure 
Facility will be brought 
back to Earth on a future 
Shuttle mission. One 
experiment contains 
12.5 million tomato 
seeds which, when 
retrieved, will be 
distributed to as many 
as 1 million students* 
across the United States 
who will conduct 
experiments. 
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Bottom Left: 
Built up from a base in 
the Atlantis cargo bay. 
this trusswork tower 
was erected to 
demonstrate assembly 
techniques in orbit that 
will be important to 
future space stations 
and other facilities. 
Astronaut Sherwood 
Spring checks the joints 
on the assembly during 
the November 1985 
mission. 



he Space Shuttle fleet will remain the 
foundation of America*,s manned .space 
program into the new centur>\ W^hen the new 
orbiter joints Atlantis, Columbia, and Discover}' 
in the 1990s, the National Space 
Transponalion Sy.stem will be able to fly 12 to 
14 missioas a year if the ground support 
.syNlem is adequate. One hundred or more 
Shuttle mivssioas in liie last decade of the 20th 
century is likely, and .some orbiters may 
continue to (I) until 2005 and perhaps 2010. 

MoTB Time and Space for Shuttle 

For future flights, plans are under re\ lew b> 
NASA to extend the mission times up to 16 
days by supplementing the s>.s.ems un the 
orbiter. This would be done b> u>mg a 
portion of the cargu ba> U> huld av" liliunal 
fuel cells and low temperature siur*»gc tanks 
for o\7gen and hydrogen reactants. Other 
design upgrades would be made on the 
carbon dioxide remo\al and the waste 
management systems. 

The futur*^ benefits of keepmg the Space 
Shuttles in orbit longer could be subMantial. 
By extending .some missiuas tu 16 days, the 
science return on dedicated research niissKjns 
could be more than two tinic\s that of the 
usual se\en day flights. Lunger duration 
missions for such discipline's as life science 
and mici'ugravity rc^scar^-h v\uuid .significanily 
reduce the backlog of .scientific invcsligaUons. 

An increase in the Shuttle's living and wurking 
space is also planned. A private U.S. company 
has designed an add-on module called 
Spacehab that can fit in the forward cargo bay 
behind the crew quarters. The crew would 
enter Spacehab from the mid deck through a 
tunnel adapter similar to that used for the 
scientific Spacelab module. Spaeehab would 






A spaceplarje of the 
21st century, oowered 
by an air-breathing 
hydrogen-fueled engme. 
may represent the next 
generation of space 
vehicle after the Space 
Shuttle. It would taki? 
off horizontally like a 
traditional aircraft. 



add .^^ailMt nu'lcrs ( 10(MKuI>k Itvl) n| 
\\<Tkini» ami M»)raiic ^[\Kc lo iIk- ""1 ^ tuhu 
nicUTN 1 aihk kxi) .n.iiLihk- in iIk- ta-w 

A Station in Space 

Alicr c\c>|\ ins» ihnni_i»li a series oi JcM.i»ns in 
iIk' IMSOs to bclUT scnc a t(>inpk'\ ol usa 
ikvJn .iiuI .uLipi lo ivsinunis in ihc Ictlcra! 
IniJuci. ihc ^p.K(.' Maimn tnanu^l / rctv/o/;/ In 
Prcskk-nl Rcai»an in JuK I9SS) tk-ptmls 
IkmmK t>n the spate sluiiik« lleci lo put it in 
cirhii hdorv ihe turn ol ihr tcniun 

AsturrniiK anisionak ihc spate sialic »n 
/Tt'cvA^m will Ih- a pcmianaiiK manned 
orhiiin.u research lal>(>ralc)r\ In ihe eiul oj i|u' 
tenliin. It will ha\e lorn Lnne piessuri/ed 
nKKluk's^kisicreJ in ihe inuklie ol a 1^ i 
meier (^os-loon irusswork hooni. willi U\(» 
pairs ol recianuular solar arra\s aikuhed lo 
each end u> suppK eletlrnal eneiiiv One 
ni»Kkile will he the hahilal toniainin.u ihe 
.Ualley. sk-epmii quarters, and halhrotuu 
I.Kililies. where stieniisis and asircjiiauis will 
li\e and rekix The oiIkt Ihree modules will 
he lah<»rai(»ries (hie s^iciKes ami malenaK 
xiemes. lor example) ol ihe I niletl siaies 
Hunipe. and Japan. Anolher componeni o| ihe 
siauon will be ihe (^anatlian Nk>hile scf\kini» 
CX-nien 

Tile \aliK' ol ihe / /vcfAi/;/ siaiit»n is iis uiilii\ 
lor ihe 21s| ceniun— ihe hilure whkh will 
soon he upon us. The siaiion's siale-o|-ilu*-arl 
research will treaie U\hnol(»)»kal 
hreaklhr(iui»lis in ihe metlkak plivsuak and 
olher >den<.cs. whkh will e\eniuall\ he 
iranslerrcd inio henelils lor lens ol niillkuis ol 
people around ihe workl. \\ hile ^tn\K henehw 
may heconie apparent during the lirsi year (»l 
operation in tjrhii. many Uxhn()k)i»\ spinolN 




ina\ lake as loni» as a detade U» make ilk- 
let hnology iransler and inlluente <»ur daiK 
h\es In addilion ihe Maiion uliimaleK will 
sene as a way Malion lo ihc wodds 
he\ond — loi missions u» ihc \loon .md Mais. 
Ic»r e\am,*le. 

One siud\ scenario esiiniales ihe neetl lor 
some 20 Space sluiiile llii»his. iHv^inmni!: in 
IWS and eiulinu in iws. lo lauikh Frcaium's 
tomponenis Ic^r tonsinkiKui and tompleie 
ihe latihly. This mission sequence touki 
chani»e it unmanned, expendable rockels 
were alst> used U» suppleinenl ihe shullle 
taruoes Hul whaleverihe tinal nn\ ol laum h 
\ehkles and whaie\er ihe tinal limeiables an 
orbiiini» siauoii in space will reali/e ihe 
\tsi(»ns ol eady spate pioneers who knew ii 
was pcjssibk' and predkied. ead\ in ihe JOih 
teiium. how sutlj an oulposi in spj «.ould 
ser^e ihe pe(»ple ol plami Karth. 



An artist's concept of a 
permanently manned 
U.S. space station 
shows cluster of hab'tat 
and laboratory modules 
at center. The Space 
Shuttle, docked at one 
end. Will bring up new 
crews and resuppiy 
consumables. 
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The first Space Shuttle 
crew since the 
Challenger breaks 
from training for 
Discovery's STS-26 
mission to pose for this 
informal portrait. All 
Shuttle flight veterans, 
they are (left to right): 
David (Dave) Hilmers, 
Frederick (Rick) Hauck 
(Commander), Richard 
(Dick) Covey, John 
(Mike) Lounge, and 
George (Pinl^) Nelson. 



Shuttle's Offspring 

What happens when the last Space Shulile 
mission has flown early in the 2000s and the 
fleet is finally retired and Earthbound'^ What 
future spaceships will follow the Shuttles'^ 

There ma> he a new fleet of spaceplane.s m 
the first few decades of the next centur> \ 
Research already underway, much of which is 
conducted on the world's most advanced 
computers, will make possible second- 
generation spaceplanes that could tra\el 
frequently to and from Earth orbit powered b> 
ad\ anted, air-breathing seramiet engines. 
These pow^erful engines would ingest oxygen 
as they ascend through the atmosphere, thus 
saving a tremendous amount of launch weight 
on fuel. 

Such spaceplanes could take off hon/ontally 
from conventional runways and then 
accelerate directly to orbu as a single-stage-to- 
space craft. Without strapped-on solid 
boosters or external tanks, they could ascend 
to the upper reaches of the atmosphere 
before rockets kick in for their final power 
dn\e to orbit. Unlike today's Shuttle, which 
drops like an unpowxwd glider to Earth, 
spaceplanes would be capable of controlled 
descent and land at most com'entional 
airports. Space could be more accessible than 
ever before to larger numbers of people If 
these successors to the Shuttle become reality, 
the original Shuttle orbiters may be thought of 
as the I)C-3s of the early Space Age. 



NASA celebrated its 30th anni\crsar>' in 1988. 
two days after the Space Shuttle soared into 
space once more. When Congress approxed 
the creation of the National Aeronautics and 
Space Administration in 1958. the United 
States had successfully launched only four 
small satellites and no American astronaut had 
\ et flow n in space. In the three dec^ades sine e. 
f(Hir generations of manned spacecraft ha\e 
been built and flow n, tw elve men ha\ e 
walked on the Moon, more than 100 
Americans ha\e flown and worked in space, 
and communications satellites and cnher 
Space-Age technok;gies ha\e transfc;rmed life 
on planet Earth. 

When NASA's Golden Anniversary- is 
celebrated m 2008, it is likely that men and 
women will be permanently living and 
working in space. There may be a base on the 
Moon, and a manned mission to Mars ma\ 
only be years aw ay. If a brief histor. of the 
first half-centur>' of the Space A^e is written 
for that e\ent. it v\ill show clearly how the 
exploration of space has altered the course of 
human history and all(n\ed us to take a belter 
hold of our destiny on and off planet Earth. 

The Space Shuttles, their crews, and the 
thousands of men and women dedicated to 
making their journeys to space successful are 
doing nothing less than helping create a better 
future. It is with such dedication that all will 
enter the 21st centur>' and realize the full 
promise of space. 
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Above: 

View from above. 
Space Shuttle Discovery 
begins its journey to 
launch pad 39B from the 
Vehicle Assembly 
Building (VAB) on July 4, 
1988 
Right: 

Discovery nears the 
launch pad during roll 
out for the historic STS- 
26 return-to-flight 'aunch 
on September 29, 1988. 
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